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, in his reference text for anaesthetic trainees, states "Like other barbiturates, it (thiopentone) causes sedation, hypnosis, sOll1e analgesia, and respiratory depression, depending on the dose injected and the rate of injection". and adds that ". . . there is no consistent relationship between the plasma thiopentone concentration and the depth of anaesthesia E.E.G. patterns". These apparently conflicting statements reflect the relative lack of information concerning the short term distribution of thiopentone in surgical patients.
In this study an attempt has been made to define the relationship between speed of injection and the potency of anaesthetic induction agents. Patients presenting for routine elective surgery have been used throughout the study and the sequential up-and-down technique has been used to investigate the hypnotic effects of thiopentone, methohrxitone, propanidid and Alfathesin.
Patients of either sex, aged between lH and 60 years, presenting for elective surgery and of American Society of Anaesthetists physical status grade 1, 2 or 3, were included in the study. All patients were premedicated as determined by the administration of an opiate within 90 minutes of the time of commencement of the test.
The drugs used were sodium thiopentone (Pentoihal-Abbott), sodium methohexital (Brietal-Eli Lilly (Australia)), propanidid (Epontal-Bayer) and Alfathesin (a mixture of alphaxalone 9 mg and alphadolone 3 mg/ml in 20% polyoxyethylated castor oil in isotonic sodium chloride-Glaxo). Each drug was administered in the concentration supplied or recolllmended by the manufacturer.
Individual doses were administered on the basis of lean tissue mass (L.T.l\L) calculated from a nomogram, using total body weight, height and girth at the umbilicus (Crankshaw and Allt-Graham 1978) , which is based Oil the work of Wolfsohn (1972) .
Prior to drug administration patients were asked to lie in a supine position on the operating room table and a 23G scalp vein needle wa:; placed in a vein on the back of one hand. The patient was then asked to grasp a 20 ml plastic syringe filled with water, between the tips of the thumb and index finger of the other hand and to extend the arm at approximately 45° above the horizontal and to the side of the table. Care was taken to fill the dead space of the scalp vein needle with the drug solution to be administered. The dose chosen for that patient was then given by hand at an even rate over a period of 5, 15, 30 or 60 seconds.
A positive response to the infusion of the drug was recorded if the patient dropped the syringe within 90 seconds of the mid-point of the drug infusion period. Once the syringe had been dropped or 90 seconds had elapsed the anaesthetic was allowed to proceed in the usual way.
Fifty percent response levels (ED50) were calculated for each injection period using the sequential up-and-down technique developed by Dixon (1965) . In this technique doses are administered sequentially. The dose for the first patient is chosen by the experimenter to be near the anticipated ED50. If the response is positive the dose for the next patient is reduced by a fixed log-dose mterval d. If the response is negative the dose for the next patient is increased by d. In this was a series of responses is obtained, the dose for each patient except the first, being determined by the response of the previous patient. Once a sequence is complete an estimate of the ED50 can be made using the following formula: E(log ED50)=XI+kd where XI is the final dose of the sequence and k is a value read from a table, using the sequence obtained. The technique of sequential analysis is discussed in relation to anaesthetic research and an appropriate table is presented by Crankshaw and Allt-Graham (1978) .
A total of 107 patients were used in this study, an average of 6· 7 patients per ED50 determination. Figure 1 illustrates the sequence obtained when thiopentone was infused over a period of 60 seconds. In this sequence an initial log-dose of 0·44 was chosen representing a dose of approximately 2 ·75 mg/kg L.T.M. The final log-dose in the sequence was O· 40 and from the sequence of OXOXXO a value of k of 1 ·169 was obtained. Then: E(log ED50) = ·400+(1']69 X ,040) =·447 :. ED50=2 ·80 mg/kg L.T.l\I. The mean square error (MSE) was then obtained from the sum of the squares of Anaesthesia and Intensive Care, Vol. VI, No. 2, ; Way, 1978 the deviations of the individual log-doses from the E(log ED50). The square root of this value provided the range of the standard error and in this case the 95 % confidence limits of the log ED50. It can then be stated that this estimated ED50 value lies within the range 2 ·44 to ~{·21 mg/kg L.T.M. Figure 2 indicates the estimated ED50 values and 95% confidence limits for thiopentone, methohexitone, Alfathesin and propanidid administered over a period of 5, 15, 30 and 60 seconds. The results of tests of significance between values, using Students' t-test, are shown where significant differences exist. For both thiobarbiturates the ED50 values were significantly lower at 5 seconds than at 15 seconds (p=. ·001 and P= ·05 respectively) but not significantly different between injection times of 15, 30 and 60 seconds. In the case of Alfathesin the lowest ED50 value was obtained at 15 seconds and this was significantly different from 5 and 30 second infusion times. With propanidid no significant differences were observed between any of the injection speeds.
RESULTS
It was of some interest to note that patients receiving methohexitone over periods of 30 and 60 seconds experienced considerable discomfort in the arm into which the drug was being injected and that patients receiving Alfathesin tended to move and supinate their hand prior to releasing the syringe. ''", .......... . . . 
"''''
THIOPENTONE ALFATHESIN 
DISCUSSION
The confidence limits shown in Figure 2 for each of the drugs, when administered intravenously at different rates, can be considered a measure of the variability between patients when the sequences were-obtained. The widest limits occurred with Alfathesin and methohexitone, and would appear to correspond to the relatively high incidence of movements observed in individual patIents following administration of these drugs. Prominent excitatory phenomena have been observed in the clinical use of methohexital by Barron and Dundee (1967) and of Alfathesin by Clarke et al. (1971) _ In contrast, the confidence limits for propanidid and thiopentone are small, suggesting a high level of uniformity of response of patients to these two drugs_ A striking feature of the ED50 values obtained with each drug is the failure of the values to increase when injection times are lengthened from fifteen to sixty seconds_ From these observations it must be concluded that the effect of a given dose of each drug does not change as the rate of infusion is slowed and that the concentration of the drug reaching the site of action in the brain is not directly related to the rate of injection. This observation is of particular interest in the cases of Alfathesin and of propanidid, both drugs being rapidly eliminated from the circulation in the human (Strunin et al. 1974, Dundee and Clarke 1964) . It would appear that rapid elimination is of little significance to the kinetics of these two drugs in the first minute following injection.
With regard to the results obtained when the injection time was varied between five and fifteen seconds it would be expected that the peak concentration of each drug that reached the brain in the arterial blood would be highest at the fastest injection speed. This is supported by the results for thiopentone and methohexitone but not for Alfathesin and propanidid. The absence of a potentiation of the effect of the latter two drugs could indicate a rate limited transfer between the cerebral blood vessels and their site of action.
The clinical significance of the increased potency at high speeds of injection would seem to be particularly relevant to thiopentone. The reduction in time of injection from fifteen to five seconds resulted in a 36 % decrease in the dose required to achieve the same hypnotic effect. This observation would appear to be important when a peak effect is desired, followed by a rapid recovery_ In outpatient anaesthesia where a simple manipulation or surgical incision is the only procedure undertaken a reduction in the dose would reduce the redistributed blood levels and hence the "hangover". On the other hand, if doses are given rapidly at the time of induction for a longer operation, the chance of awareness in the few minut. ~s after induction would be greater if an equieffective dose is given very rapidly.
With regard to possible cardiovascular side effects of thiopentone, it is thought that these depressant effects are mediated through the vasomotor centre of the medulla oblongata, as well as by direct effects on the myocardium (Merrin, 1975) . Also, the side effects of thiopentone are thought to be related to the circulating blood level. If one is to do the least harm to very ill patients, it might well be appropriate to give small doses of thiopentone and probably methohexitone, very rapidly.
Thus the time-honoured cautious approach to the use of intravenous barbiturates to high risk patients could well be modified to rapid administration of small doses, with a view to a reduction in the total dose required to achieve the same effect.
